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I. GOALS AND OBJECTIVES 

To test and evaluate suitability of materials for use in space power systems and related 
space and commercial applications, and to achieve sufficient understanding of the mechanisms 
by which the materials perform in their intended applications. Materials and proposed 
applications included but were not limited to: Improved anodes for lithium ion batteries, highly- 
transparent arc-proof solar array coatings, and improved surface materials for solar dynamic 
concentrators and receivers. Cooperation and interchange of data with industrial companies as 
appropriate. 

n. ACCOMPLISHMENTS vs GOALS AND OBJECTIVES 

Useful and informative results were obtained on virtually all materials investigated. For 
example, the stability of ITO-based arc-proof transparent coatings was greatly improved by 
substitution of silicon oxide for magnesium fluoride as a dopant. Research on "air-doped" 1TO 
films has yielded new insight into their conduction mechanism which will help in further 
development of these coatings. Some air-doped films were found to be extremely pressure- 
sensitive. This work may lead to improved, low-cost gas sensors and vacuum gauges; it is 
continuing under the succeeding Cooperative Agreement NCC3-522. Work on another 
promising transparent arc-proof coating (titanium oxide) was initiated in collaboration with 
industry. Graphite oxide-like materials were synthesized and tested for possible use in high- 
energy-density batteries and other applications. We also started a high-priority project to find 
the cause of unexpected environmental damage to the exterior of the Hubble Space Telescope 
(HST) discovered on a recent Shuttle mission. Materials were characterized before and after 
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exposure to soft x-rays and other threats in ground-based simulators. This work is continuing 
under NCC3-522. It is essential for adequate protection of HST and other costly, long-duration 
orbiting facilities. 

Two technical publications were authored during the grant period (copies of cover pages 
attached). Further publications will result as projects continue under NCC3-522. 

m. INTERACTION WITH INDUSTRY 

Several of our research projects attracted attention from commercial businesses. For 
example, the work on high-resistivity arc-proof coatings has attracted the attention of coatings 
users and manufacturers, one of whom is providing us with test samples. 

IV. COSTS 

All work was accomplished within budget. There were no cost overruns. 



Paper 0-9 

High-Transparencv Thin Films with Tailorable Sheet Resistivity 

A. M. Pal, A. J. Adorjan, and P. D. Hambourger 
Cleveland State University ;* Cleveland , OH (216) 687-2439 

J. A. Dever 

NASA Lewis Research Center; Cleveland, OH (21 6) 433-6294 

Henry Fu 

Ohio Aerospace Institute; Cleveland, OH (216) 433-6294 


*Work at Cleveland State University supported by NASA Lewis Research Center, 
Cooperative Agreements NCC3-383 and NCC3-486 


40th Society of Vacuum Coaters Technical Conference 
April 12-17, 1997 
New Orleans, La 



SYNTHESIS AND THERMAL STABILITY OF 
GRAPHITE OXIDE-LIKE MATERIALS 


Ching-cheh Hung* and Jean Corbin •• 

'NASA Lewis Research Center, Cleveland, Ohio 44145 
"Department of Chemistry. Cleveland State University, Cleveland. Ohio 44/15 


T« + vvul ■ • ^ +f A II 

la a recent study cf the graphite oxide reaction with 
AJOj, a product «ss found » have an A1:C atomic 
ratio as high as 1:4. Heating this material in air resulted 
in AItOj with a turfrce ana of SO m*/gm f 1]. This result 
suggests the possible sppU ca tion s in the anas of 
batteries, catalysts, and season. 

Graphite has been used as the reactant for graphite oxide 
synthesis since its discovery in 1860 [2]. In this research, 
the possibility of using today's commercially available 
non- g raphite «\ sy nthesize graphite oxide was 
studied. The products were studied by examining their 
structure, composition, thermal stability and 

reactivity to AlGj. 


Experimental 
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•was used to synthesize graphite ssdde. This method sacs 
treo^ HsNQs ssd K M sOa ss Ss» In 

r esea rc h five different kinds of carbon materials were 
n«w l to iwrt with Hi t j a d jg w a h They were. In the 
eider of decreasing x-*ty dttBactkm (3®D) peak height, 
crystalline graphite powder GOO mesh. 99%). graphite 
powder (<f micron, 99. 9995%), graphite sheet (0.254 
nun thick, 99.9%), grephitzed carbon fiber (Amoco 
VCB-45, 10 micron dtern., 99%), and activated carbon 
(1100 mVgm, «wiMtntng null amounts of A1 and Si). 

The graphite oxide-Uke materials thus obtained were 
heated in nitrogen at 100, 150, and 2«rC tor 20-24 
hours. The hearing rates were such that the shove three 
decomposition t empe ra t ure s were reached in 16, 16, and 
1SG respectively. The sample mass before and 

such heating was sssaautod. Tis cashes tszss less 
during these neiS&ssa ***** estimated **y finding the 

tti ffim a iwHii Kwhaum tjjj Hw fa i wt MgM jn tKf r^rttwfj 
and the pmdbictt, which wen oilcnUfqd from the 
products of the sample masses and their carbon mass %. 
These carbon mass losses as Auctions of total mass loss, 
as well as total carbon mass in the reactant, were then 


The bijNr o n w ip ng i tjons were analysed tsritt* a “Lee©" 
p ro cess for carbon and «i*ir «wi—n and inductively 
coupled plasma man spectrometry (ICPMS) for metal 
contains, both described elsewhere [4], Tbs inxlhcs 
co mpo si ti o n s were analyzed using x-ray p h otoelectron 
spec tro scopy (XPS). Their structures were studied using 
x-ray diffraction (XRD) data. Their microscopi c views 
were obtained from scanning electron microeoopy (SEM). 
Their seml-quaulUatrve chemical analyses were 
conducted using their energy riiapentvo spectre (EDS). 

Tii" pr 8 *" A-i.™ fr.-un fha ja agiiaa Of Cr yStgmflC 
graphite powder, sub-microo graphite powder, and 
activated esbca were exposed to AlCJj sc test their 
ability to hold large quantities of ahanimnn. They are 
exposed to AIC!; a! ternperstyre wstomm)# of from 
120°C to 193% te 42 hours, and finally 225*C for 0.2 
hour to evaporate the unnaed AlCk 

Results and discussion 
Chemical study* of the products of the graphite oxide 

synthesis reactioM is described in Table 1. All samples 
contained large quantities c t CsadO. 

The XRD data indicated that none of these products had 
graphite peaks. The sample mads from graphite sheet 
had sharp peaks at 3.23 and 2.62 A Together wtth their 
higb sulfur content (Table 1), it » believed to be a 
HjSU^-gnphite intercalated compound with an identity 
period of 3.23 or 1G.46A. This ssmpie was not a graphite 
axiae-ukc rw mp n n Tifl tad ww not any further. 


hhie jju^iiC uiiu£ uvtu ytjfwaaiMB y r^rr ; ‘" wuo uav uso/ 

esc that had the graphite cxidc peak si sheet t h All 
ether samples has sc XRD peak* jsggretisg assetphess 
structures. Since tisy did not have graphite oxide peaks 
hnt mb e nm pounds of carbon and urnca. they ate celled 
graphite oxide-like materials. 


Table 2 describes dte mass toes of the graphite oxide and 
graphite oxide-like materials during their thermal 
deco m pos iti on Fre g ra phi te ox i d e made from crystalline 
graphite, mostef the mass loss occurred before they 
reached 150°C For ail other samples, most of the mass 
loss occurred before they reached 10CTC 



